The effects of central depressants on the evoked potential and ensued rhythmic after-discharges in the auditory cortex by a series of single click stimuli in cats were previously reported (1). In contrast to a progressive depression of the evoked potential by urethane and ethyl alcohol, the intravenous infusion of pentobarbital sodium, chlo ralose and chlorpromazine produced considerable increase in amplitude of the evoked potential followed by progressive decrease. The rhythmic after-discharges became to respond regularly and uniformly to the stimulation in small doses of the central depress ants, and the duration of the discharges was prolonged with increase in the dose.
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It is well-known that the acoustic impulses ascend to the middle ectosylvian gyrus of cerebral cortex via the specific sensory nerves and several relay nuclei. The cortical rhythmic discharges caused by afferent stimulation have been investigated by many workers (2) (3) (4) (5) (6) (7) (8) . The augmenting response in the sensori-motor cortex is evoked by repetitive stimulation of the specific relay nuclei of thalamus and is related to the specific sensory pathway. Such cortical potential changes are evoked by repetitive stimulation of the diffuse thalamic projection nuclei: the recruiting response. Rhythmic cortical activity is also recorded during spontaneous sleep or barbiturate narcosis. The response in the auditory cortex to repetitive acoustic stimuli was investigated by Goldstein et al. (9) , Schwarz et al. (10, 11) and Kikuchi (12, 13) . Kawamura and Yamamoto (14) observed the spindle discharges in the auditory cortex, which were in duced by click stimulation or electrical stimulation of the medial geniculate body. However, there are few studies on the rhythmic after-discharges in the auditory cortex, and less is known of the influence of central depressants on the cortical responses evoked by repetitive click stimuli. Therefore, the authors have designed to analyze the changes in the cortical activity caused by repetitive click stimuli. The study reported here shows that the effects of the central depressants on the cortical auditory responses evoked by repetitive click stimuli are considerably different from the effects on the responses by single click stimulus.
METHODS
Experiments performed on about 40 encephale isole cats, weighing 2.0 to 3.5 kg. Under ether anesthesia, the trachea was incannulated and the head of animal was fixed on the stereotaxic instrument (Todai-Noken type) . After cutting the spinal cord at C1, ether inhalation was stopped and animal was maintained on artificial respiration. The details of the experimental procedures were followed the methods in the previous report (1) .
Click stimuli were produced by activation of earphone with 0.1 msec rectangular pulse delivered from an electronic stimulator (Nihon-Koden Co., Type MSE-3). The animal placed in a sound-proof room at temperature of 26-28°C was binaurally stimulat ed with repetition of clicks at the frequency of 0.2, 1, 2, 4, 6, 8, 10, 15 and 20/sec for 10 seconds. Intensity of stimuli was adjusted to obtain an evoked potential maximum in amplitude. Usually, a full stabilization of the evoked potential was attained 3 hours after the termination of ether anesthesia. During the infusion of central depressants, click stimuli were repeated at various frequencies. The recruitiug response to stimula tion of the Nucleus centre median of thalamus was recorded from the ipsilateral sigmoid gyrus of cerebral cortex. Different doses of pentobarbital sodium, chloralose, urethane, ethyl alcohol and chlorpromazine hydrochloride were dissolved in Ringer's or physiological saline solu tion, and the solutions were infused at a speed of 100 ml/hr to the ulnar vein.
RESULTS

I. Cortical responses evoked by repetitive click stimuli (Repetitive click responses)
The click stimulation at a frequency below 0.2/sec caused an evoked potential with rhythmic after-discharges in the middle ectosylvian gyrus, as reported in the previous paper (1). However, the increased frequency of stimulation more than 1/sec altered the response pattern. The first click stimulus at frequency of 1/sec resulted in manifestation of a typical evoked potential followed by rhythmic after-discharges, while the evoked potential in response to the second stimulus was markedly decreased in amplitude in dicating an overlapped appearance of the rhythmic after-discharges caused by the first click stimulus (the initial inhibition). The subsequent stimuli produced a repetitive click responses without succeeding rhythmic after-discharges. The repetitive click stimulation at frequency of 2/sec resulted in disappearance of the second and third evoked potentials, although the first evoked potential appeared dis tinctly. The rhythmic after-discharges were not observed except that in response to the first click stimulus. The stimulation at frequency of 4/sec depressed markedly ampli tudes of the second to sixth evoked potentials without affecting further responses. When the animal was stimulated at frequency of 6/sec, the evoked potentials in response to the first, second and third stimuli (the early potentials) were almost same in amplitude. The previous report (1) showed that the small doses of pentobarbital sodium increased amplitude of the evoked potential in response to single click stimulus asso 
III. Effects of central depressants on the recruiting response
The effects of central depressants on the recruiting response recorded from the sigmoid gyrus are summarized in Table 1 . Pentobarbital sodium at the doses of 2 to 
DISCUSSION
The repetitive evoked potentials in the auditory cortex in response to a series of click stimulation at frequency of 1 to 8/sec in the unanesthetized encephale isole preparations of cat (the repetitive click responses) were classified into following three groups : 1)
Evoked potentials observed within about 0.5 second after onset of stimulation (the early potentials). Number of the early potentials depended on the frequency of click stimuli. The stimulation at frequency of 1 to 2/sec produced one early potential and the stimula tion at frequency of 6 to 8/sec led to 3 to 4 uniform potentials in amplitude.
2) Marked decrease in amplitude of the evoked potentials for about 1 second followed with the early potentials (the initial inhibition). This phase coincided with the phase of mani festation of the rhythmic after-discharges caused by the first click stimulus , and during this phase the rhythmic after-discharges appeared abortively. It was reported by several investigators that the evoked potentials in the auditory cortex and relay nuclei of the auditory system were inhibited by afferent stimulation such as light and pain (15) and by electrical stimulation of the brain stem reticular formation (16) (17) (18) . As discussed in the previous report (1), it was much likely that the origin of the rhythmic after-dis charges followed with the evoked potential was explained from the circuit mechanism reverberating by the activated pathway between the cerebral cortex and thalamus. It is possible that interruption of the succeeding ascending impulses caused by the mani festation of the rhythmic after-discharges results in the initial inhibition of the evoked potentials. 3) Following with the initial inhibition phase there appeared the repetitive evoked potentials in response to the click stimuli. The succeeding evoked potentials by stimulation frequency below 6/sec was uniform, while the potentials by the fre quency above 8/sec showed a gradual decrease in amplitude (the late depression). Fur ther increase of the click frequency resulted in the marked depression of the repetitive evoked potentials and click frequency of 20/sec produced only the first evoked potential exhibiting absence of the succeeding potentials. These results indicated that the relative refractory period of the repetitive click responses was less than 1/8 second, while the absolute refractory period was more than 1/20 second. Pentobarbital sodium and chloralose increased amplitude of the early potentials at the small doses but decreased it at the large doses. Urethane and ethyl alcohol decreased amplitude of the early potentials progressively with increase of the doses. These effects of the central depressants were closely similar with those on the evoked potential by single click stimulus. All the depressants used prolonged the initial inhibition phase and showed the prolonged manifestation of the rhythmic after-discharges. Moreover, the small doses of pentobarbital sodium, chloralose and ethyl alcohol activated obvious manifestation of the initial inhibition of the potentials. The large doses of pentobar bital sodium and chloralose resulted in slowing of the spontaneous EEG, marked depres sion of the succeeding evoked potentials and obscuration of the initial inhibition. On the other hand, urethane, ethyl alcohol and chlorpromazine even in the large doses pro longed apparently the initial inhibition phase. The increase in amplitude and number of the early potentials caused by the small doses of pentobarbital sodium was indica tive for the close correlation with the mechanism that the small doses activated the recruiting response. In addition, pentobarbital sodium prolonged the relative and ab solute refractory periods of afferent impulse transmission in the auditory pathway. The prolongation of the recovery cycle by barbiturates was demonstrated by King et al. (19) in the capsular response and by Schwarz et al. (10, 11) and Kikuchi (12, 13) in the somatosensory response. On the other hand, urethane and, chlorpromazine did not markedly prolong the refractory period in this system, though chloralose and ethyl alcohol prolonged it.
The repetitive click responses are postulated to be the repetitive responses which appeared in the auditory cortex when the acoustic impulse arrived there via the medial geniculate body of thalamus. Brookhart and Zanchetti (20) classified the cortical rhy thmic activities into the following types from electrophysiological standpoints : 1) the augmenting response evoked by low frequency stimulation of the specific relay nuclei of the thalamus (Nuclei ventralis lateralis, ventralis posterolateralis and ventralis postero medialis) or the lateral lemniscus, 2) the recruiting response evoked by low frequency stimulation of the diffuse thalamic projection nuclei (Nuclei centre median, anterior, ventralis anterior and reticularis), and 3) the spindle bursts in the EEG of the sensori (24), the present authors confirmed that the evoked potential in the inferior colliculus caused by the single click stimulus was not affected by the small doses of pentobarbital sodium and chloralose. These findings suggest that the suppressive effects on the inhibitory mechanism of the reticular formation by the small doses of these depressants release the afferent impulse in the auditory pathway, especially above the level of the thalamus.
The rhythmic after-discharges followed with the cortical evoked potentials were considered to derive from the impulse transmission mechanism through the reverberat ing circuit between the cerebral auditory cortex and the thalamus. This assumption was further substantiated by the findings obtained in the present experiments that the repetitive evoked potentials were depressed during manifestation of the rhythmic after discharges, and that the small doses of pentobarbital sodium and chloralose regularized the appearance of the evoked potentials and also prolonged duration of the initial in hibition. Lastly, it is worth to mention that the effects of urethane and ethyl alcohol on the electrical activities in the acoustic system considerably differed from those of pentobarbital sodium and chloralose.
SUMMARY
The repetitive click responses in the auditory cortex were recorded by a series of click stimulation at different frequencies from 1 to 20/sec in the encephale isole prepara tions of the cat, and the effects of central depressants such as pentobarbital sodium, chloralose, urethane, ethyl alcohol and chlorpromazine on the responses were studied.
1. The repetitive click responses in unanesthetized animal were classified into fol lowing three groups: 1) the evoked potentials observed within 0.5 second after the onset of stimulation (the early potentials), 2) marked decrease in amplitude of the evoked potentials for about 1 second followed with the early potentials (the initial inhibition), and 3) the repetitive evoked potentials succeeding to the initial inhibition.
The repeti tive click responses in the third group were gradually decreased in amplitude at the 
